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B. Research (bjectives

1. Apply the Stimulated Emission Pumping (SEP) technique to highly
excited vibrational levels of a polyatomic molecule.

2. Discover whether the rotation-vibration states of a polyatomic
molecule remain well organized at chemically significant levels of
vibrational excitation,

3. Develop new multiple-resonance spectroscopic techniques.

4. Examine the near-dissociation levels of the I, and Naj, molecules.

5. Develop spectroscopic diagnostics for the metastable states of the

alkaline earth monoxides.

C. Status of Research Effort

A1l of the cited objectives have been achieved., Research in areas 1-3 is

continuing under a new AFOSR contract and in area 4 under an NSF grant,

1. HpCO was the first polyatomic molecule studied by SEP. An
unprecedentedly complete set of anharmonic vibrational constants and electric
dipole moments was obtained by SEP and SEP-Stark spectroscopy. More than 50
vibrational levels of the X 'A; state were observed and assigned. SEP has
been proven to be a high resolution spectroscopic technique well suited to the
study of polyatomic molecular rotation-vibration structure in energy regions
where the density of states had previously prohibited systematic study of

fully resolved and assigned spectra,

2. The vibrational levels of HyCO X !A; at energies up to 9300 cm-!
were found to be surprisingly well organized in the absence of rotation yet

almost completely disorganized for J =~ 10, K, ~ 2. Coriolis coupling appears
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to destroy the usual normal/local mode vibrational quantum numbers and to
destroy partially the K3, Ko rotational indices as well., Statistical measures

of quantum ergodicity were applied to the H,CO SEP spectra.

3. Stark AntiCrossing (SAC) and Stark Quantum Beat (SQB) spectroscopy

was used for the first time on a polyatomic molecule to determine the

Eil tunnelling lifetimes of two highly excited levels of Sg HpCO through the
;f barrier to dissociation into Hy + CO. The observed tunnelling rates are not
h:l in accord with the usual interpretation of RRKM reaction rate theory; the

higher (by 31 cm-!) of two levels with the same J and rotation-vibration
>i‘ symmetry tunnels a factor of 2.5 more slowly.

i%* Modulated Gain Spectroscopy (MGS) was applied to the near dissociation

levels of the Nap A'L,* and B!N, states. All of the vibrational levels of
BlM, quasi-bound behind the intrinsic potential barrier were observed and
tunnelling rates thorugh the barrier to Na(3S) + Na(3P) were measured.
Perturbation-Facilitated Optical-Optical Double Resonance (PFOODR)
spectra of triplet states of Lij and Naj were observed by taking advantage of
spin-orbit Alzu*-baﬂu perturbations. The first rotationally resolved and
assigned spectra of 3Ag Rydberg states and the a3r,* and b3Mm, valence states

of Liz and Najy were recorded.

4. Analysis was completed of the long range behavior and mutual
perturbations of the Ip X'Ig*, a'0g*, and algq states near the

I(2P3/2) + I(2P3/2) dissoctation asymptote., High quality, sub-Doppler spectra

were obtained (in Orsay, France) by Laser Induced Fluorescence-Fourier ;3i

Transform Spectroscopy (LIF-FTS). A separated atom formalism accounts for all iii
electronic properties of all 36 I, electronic states at the lowest three :_j

dissociation asymptotes.
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MGS spectra of the Naj A1£u+ and BIHu states provided accurate long range
constants for all states of Naj arising from the Na(3S) + Na(3P) limit.
Accurate values for the Na(3P+3S) oscillator strength and the Na(3P) dipole
polarizability tensor atomic properties were determined from molecular energy
levels,

PFOODR spectra of the Na, a3£u+ state provided the first characterization
of this mostly repulsive lowest triplet state which has significant population
in an Nap heat pipe. A combined analysis of the Na, X1£g+ and a3r,* states
provides an accurate measure of the exchange interaction between Na(3$S)

atoms,

5. The Ca0 D,d!s3a-a3n and c3z*-a3n systems were examined at
sub-Doppler resolution, rotationally analyzed, and deperturbed. Accurate
frequencies and linestrength factors are now available fof J,R,e/f
state-specific monitoring of population in the Ca0 metastable a?Rt and A'ln

states,
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